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(54) Ink jet Cartridge 

(57) An ink jet cartridge assembly, including a car- 
tridge body (40) and a print head (14). The cartridge 
body Includes a die cavity (44) and at least one groove 
(46,48) disposed in communication with the die cavity 
and with an ambient environment. The print head is dis- 



posed at least partially within the die cavity. An adhesive 
(26) is disposed within the die cavity between the body 
and the print head for bonding the print head to the body. 
The at least one groove defines a vent to the ambient 
atmosphere for a gas which may be produced during 
curing of the adhesive. 
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Description 

The present invention relates to an ink jet cartridge 
assembly, and. more particularly, to an ink jet cartridge 
assembly including an ink jet cartridge body attached to 
a print head. 

An ink jet cartridge assembly of known design typ- 
ically includes a cartridge body which is attached to a 
print head assembly (sometimes referred to hereinafter 
, as simply "print head'). Ink which is disposed within the 
cartridge body flows to the print head and is expelled 
therefrom in known manner. More particulariy. the car- 
tridge body includes a die cavity in which the print head 
is disposed. The print head is in the form of a semk^on- 
ductor chip having a nozzle plate attached thereto. A 
plurality of heater elements are carried by the semrcon- 
ductor chip, with each heater element being disposed 
adjacent to a respective nozzle in the nozzle plate. An 
electrical circuit, whrch may be in the form of a Tape Au- 
tomated Bonding (TAB) circuit, electrically intercon- 
nects the heater elements with appropriate circuitry in 
the Inkjet printer such that the heater elements may be 
selectively energized as the carriage of the printer trav- 
els across the print medium. 

The print head is typically disposed within the die 
cavity of the cartridge body using an adhesive, such as 
a heat curable adhesive. During manufacturing, the ad- 
hesive is first introduced Into the die cavity and the print 
head is then placed therein. The ink jet cartridge assem- 
bly is placed within an oven and the heat curable adhe- 
sive is cured at an elevated temperature to permanently 
affix the print head to the cartridge body. During the cur- 
ing process, the adhesive may produce gas which forms 
gas bubbles in the adhesive. Some of the gas may re- 
main entrapped within the adhesive as residual gas bub- 
bles after the curing process is finished. Such gas bub- 
bles, because of the void left in the adhesive, may affect 
the tx)nd strength between the print head and the car- 
trkJge body. Moreover, other gas bubbles may expand 
at the elevated cure temperature and/or join with adja- 
cent gas bubbles and form passageways or channels 
within the adhesive. Such a phenomenon, known as "die 
bond channeling", may result In channels whrch extend 
from the ink feed slot within the die cavity to the ambient 
environment, thereby allowing ink to leak from the ink 
jet cartridge assembly to the ambient environment. Al- 
ternatively, in the case of a multi-color Ink jet cartridge 
assembly, the channels formed in the adhesive may al- 
low cross-contamination between the different color 
inks. 

Additbnally, with a conventional ink jet cartridge as- 
sembly, the electrical circuit which is used to connect 
the heater elements of the print head to the printer may 
be in the form of an electrkjal circuit carried by a flexible 
material, commonly known as a TAB circuit as men- 
tioned at)ove. The TAB circuit surrounds the print head 
and is fastened to the circuit platform of the cartridge 
txxiy using a pressure sensitive adhesive, also known 



r 

as a pre-form adhesive. The TAB circuit includes a plu- 
rality of beams which extend therefrom and connect with 
the heater elements on the print head. After the print 
head is placed within the die cavity and the TAB circuit 
5 is attached to the circuit platform, an ultraviolet (UV) 
photosensitive adhesive is applied along the sides of the 
print head, over the beams, as an encapsulant and pro- 
tectant. A light source is applied to the UV adhesive to 
cure the same. 

A portion of the UV adhesive which flows around 
and behind the beams, or which Is otherwise not ex- 
posed to the applied light source. Is not cured thereby 
This uncured UV adhesive is subsequently cured and/ 
or volatilized by the heating process used to cure the 
heat curable adhesive located in the die cavity and 
around the print head. During the heat curing process, 
the heat curable adhesive and/or U V adhesive may pro- 
duce gas. Because the UV adhesive placed over the 
beams on each side of the print head has previously 
been cured, and the TAB circuit is affixed to the circuit 
platform and surrounds the print head, gas which is pro- 
duced during the heat curing process may expand (be- 
cause of the Increased temperature) and flow through 
the heat curable adhesive toward and into the ink feed 
slot within the die cavity. 

U.S. Patent No. 5.017.947 (Masuda) discloses a 
print head which is attachable to an ink jet cartridge, and 
which is used to jet ink droplets onto a print medium. 
The print head includes a lid which is attached to a sup- 
port member, with an ink chamber and plurality of noz- 
zles being formed therebetween. A surrounding wall ex- 
tending from the support member is formed using a pho- 
tolithography or photoengraving technk^ue to define the 
ink chamber and nozzles. The lid also includes a thin 
layer of photosensitive resin which is applied on one 
side thereof adjacent to the surrounding wall. The pho- 
tosensitive resin on the lid Is pressed together with the 
photosensitive resin of the upstanding wall and a light 
source is applied thereto to join the lid together with the 
support member. As Masuda discloses in Fig. 4. a prob- 
lem which occurs when joining the lid to the support 
member of the print head is that residual air pockets are 
formed within the adhesive when the photosensitive res- 
in of the support member is pressed together with the 
photosensitive resin on the lid. In an effort to reduce the 
residual air pockets which are trapped between the two 
layers of photosensitive resin, Masuda forms a plurality 
of slots in the comers of the surrounding wall extending 
from the support member to reduce the overall surface 
area between the two photosensitive resin layers. That 
is, reducing the overall surface area between the two 
photosensitive resin layers in turn reduces the probabil- 
ity of the occurrence of residual air pockets between the 
two photosensitive layers, thereby reducing the total 
number of reskjual air pockets between the two photo- 
sensitive resin layers. Thus. Masuda merely addresses 
the problem of reducing the number of entrapped air 
bubbles in a print head. 
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The.present invention provides an ink jet cartridge 
body with at least one groove which is disposed in com- 
munication with the die cavity. The at least one groove 
vents gas which may be produced during curing of an 
adhesive disposed within the die cavity to the ambient 
environment. 

The invention comprises, in one form thereof, an ink 
jet cartridge assembly, including a cartridge body and a 
print head. The cartridge body includes a die cavity and 
at least one groove disposed in communication with the 
die cavity and with an ambient environment. The print 
head is disposed at least partially within the die cavity. 
An adhesive is disposed within the die cavity between 
the body and the print head for bonding the print head 
to the body. The at least one groove defines a vent to 
the ambient atmosphere for a gas which may be pro- 
duced during curing of the adhesive. 

An advantage of the present invention, at least in 
its preferred forms, is that die bond channeling in the 
adhesive layer used to mount the print head within the 
die cavity of the cartridge body is substantially reduced. 

Another advantage is that by reducing the die bond 
channeling through the adhesive, ink flow through such 
channels to the ambient environment Is substantially 
eliminated. 

Yet another advantage is that by reducing the die 
bond channeling through the adhesive, cross-contami- 
nation between different color inks is substantially re- 
duced. 

Still another advantage is that gas produced during 
curing of the adhesive is vented to the outside ambient 
environment. 

Some embodiments of the invention will now be de- 
scribed by way of example and with reference to the ac- 
companying drawings, in which:- 

Fig. 1 is an exploded perspective view of a conven- 
tional ink jet cartridge assembly; 
Fig, 2 is a fragmentary perspective view of the ink 
jet cartridge body shown in Fig. 1, detailing the cir- 
cuit platform area; 

Fig. 3 is a top view of a cured adhesive layer used 
to mount the print head within the die cavity, illus- 
trating typical defects which may occur with the ink 
jet cartridge assembly shown in Figs. 1 and 2; 
Fig. 4 is a fragmentary perspective view of an em- 
bodiment of an ink jet cartrkJge body of the present 
invention, detailing the circuit platform area; 
Fig. 5 is an enlarged view of the circuit platform area 
shown in Fig. 4; 

Fig. 6 is an enlarged sectional view taken along line 
6-6 in Fig. 5 and includes a partial sectional side 
view of a print head assembly and circuit; and 
Fig. 7 is a fragmentary perspective view of another 
embodiment of an ink jet cartridge body of the 
present invention, detailing thecircuit platform area. 

Corresponding referer>ce characters indkiatecorre- 



sponding parts throughout the several views. 

Referring now to the drawings, and more particular- 
ly to Figs. 1 and 2, there is shown an exploded perspec- 
tive view of a conventbnal ink jet cartridge assembly 10 
s including a cartridge body 1 2 to which is mounted a print 
head assembly 14 and electrical circuit 16. More partic- 
ularly, cartridge body 12 includes a circuit platform 18 
with a die cavity 20 extending therefrom. Die cavity 20 
is sized such that print head assembly 14 may be dis- 
10 posed therein. In the emtxxJiment shown, die cavity 20 
is sized such that the exit side of nozzle plate 22 of print 
head assembly 14 is disposed substantially coplanar 
with circuit platform 18. An ink feed slot 24 is disposed 
in communk^ation with an interbr of cartridge body 12, 
'5 and allows at least one cotor of ink to flow from the in- 
terior of cartridge body 1 2 to associated nozzles in noz- 
zle plate 22. 

Electrteal circuit 16 is mounted to cartridge body 12, 
as indicated by arrow 25, and electrically interconnects 
20 print head assembly 1 4 with a printer (not shown). Elec- 
trical circuit 16 is formed from a flexible material, such 
as Kapton (a trademark of E.I. Dupont de Nemours and 
Company), in which is disposed a plurality of electrical 
conductors <not shown) for interconnecting print head 
25 assembly 14 with the printer. Electrical circuit 16 may 
be in the form of a TAB circuit, which will be shown and 
described in more detail with regard to an embodiment 
of the present invention shown in section in Fig. 6. 
Fig. 3 illustrates defects which may occur in an ad- 
30 hesive 26 whrch is disposed within die cavity 2oVigs. 
1 and 2) and used to bond print head assembly 14 to 
cartridge body 12. In the embodiment shown, adhesive 
26 is in the form of a heat curable adhesive, and the 
defects shown in Fig. 3 are those which are present in 
35 adhesive 26 after the heat curing process takes place. 
After the heat curing process, adhesive 26 may include 
residual air bubbles 28 therein. Air bubbles 28 typk:ally 
do not cause a problem when entrapped within adhesive 
26. On the other hand, adhesive 26 may also include 
40 one or more die bond channels 30 whrch extend there- 
through and connect ink feed slot 24 with the ambient 
environment. Channels 30 are undesirable since they 
may allow ink to flow from the interbr of cartridge body 
12 to the ambient environment. Alternatively, in the 
45 event that ink jet cartrkJge assembly 1 0 is in the form of 
a multi-color cartridge assembly, channels 30 may allow 
cross-contamination between the different color inks. 

Channels 30 are believed to be caused by the ther- 
mal expansbn of air bubbles 28 during the heat curing 
50 process of adhesive 26, and/or the joining together of a 
number of air bubbles 28 during the curing process. 
Moreover, it is also known, as will be described in more 
detail hereinafter, to place a photosensitive (UV) adhe- 
sive between print head assembly 14 and TAB circuit 
55 16, A portion of the UV adhesive which is notcured when 
exposed to light may likewise produce ^as during the 
heatcuring cycle of adhesive 26, and thereby contribute 
to the formation of channels 30, 
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Figs. 4 to 6 illustrate one embodiment of a cartridge 
body 40 of the present invention. Cartridge body 40 in- 
cludes a circuit platform 42 and die cavity 44 to which a 
TAB circuit 16 and print head assembly 14 may be re- 
spectively attached. However, in contrast with cartridge 
body 12 shown in Figs. 1 and 2, cartridge body 40 in- 
cludes a plurality of grooves 46, 48 which are disposed 
in communication with die cavity 44 and with an ambient 
environment. Grooves 48 define at least one longltudi- 
< nal groove (extending substantially parallel to a longitu- 
dinal direction of die cavity 44 along longitudinal axis 
51 ), and grooves 46 define a plurality of lateral grooves 
extending between die cavity 44 and longitudinal 
grooves 48. Longitudinal grooves 48 extend to an edge 
50 disposed adjacent to the ambient environment. TAB 
circuit 16 wrapis around a comer 52 of cartridge body 40 
in a relatively loose manner such that longitudinal 
grooves 48 remain in communication with the ambient 
environment. However, it will also be appreciated that 
longitudinal grooves 48 may just as easily extend to an- 
other comer of circuit platform 42, such as corner 54. 

Referring now to Fig. 5, grooves 46, 48 have dimen- 
sions corresponding to the dimensions represented by 
the reference letters W, S and L The dimension W is 
preferably between 0.15 and 0.75 mm, and more pref- 
erably between 0.2 and 0.3 mm. The dimension S is 
preferably between 0.75 and 2.5 mm, and more prefer- 
ably between 1 and 2 mm. The dimension L is preferably 
between 0.5 and 4.0 mm, and more preferably between 
1.5 and 2.5 mm. Further, grooves 46, 48 have a depth 
(substantially perpendicular to the drawing in Fig. 5) 
which is preferably between 0.1 and 0.5 mm, and more 
preferably between 0.25 and 0.35 mm. 

With reference to Fig. 6, the manner in which gas 
which is produced during the curing of an adhesive and 
subsequently vented to the ambient environment 
through the use of the present invention will be de- 
scribed in more detail. Print head assembly 14 includes 
a nozzle plate 56 which is attached to a semiconductor 
chip 58. Semiconductor chip 58 includes a plurality of 
heater elements 60 which are disposed adjacent to re- 
spective nozzles 62 in nozzle plate 56. Heater elements 
60 are actuated in known manner to jet droplets of ink 
from nozzles 62 and on to a print medium. 

Print head assembly 1 4 is disposed at least partially 
within die cavity 44. A heat curable adhesive 26 is dis- 
posed within die cavity 44 between cartridge body 40 
and print head assembly 14 for bonding print head as- 
sembly 1 4 to cartridge body 40. 

TAB circuit 1 6 substantially surrourKls the sides and 
ends of print head assembly 1 4, and is attached to circuit 
platform 42 using a suitable adhesive, such as a pre- 
form adhesive 64. TAB circuit 16 thus overlies the plu- 
rality of grooves 46, 48 formed in circuit platform 42. TAB 
circuit 16 is electrically connected to print head assem- 
bly 14 using a plurality of conductive beams 66, More 
partrcularly, beams 66 electrically interconnect respec- 
tive heater elements 60 with electrical conductors (not 



shown) within TAB circuit 16. The electrk^l conductors 
within TAB circuit 16 are connected to suitable circuitry 
within the printer (not shown) upon insertion of cartridge 
body 14 into the printer. A bead of UV adhesive 68 is 

5 placed abng each side of print head assembly 14 after 
TAB circuit 1 6 Is attached to circuit platform 42, and acts 
as an encapsulant to protect beams 66 from physical 
damage. UV adhesive 68 which is applied along each 
side of print head assembly 14 is cured upon exposure 

TO to a light source; however, a small amount of U V adhe- 
sive 68 which flows around beams 66 or slightly under 
TAB circuit 16 may not be cured upon application of the 
light source because of the lack of UV light exposure 
therewith. 

'5 Heat curable adhesive 26 and the portk^n of un- 
cured UV adhesive 68 both may produce gas during the 
heat curing cycle necessary to cure heat curable adhe- 
sive 26. Without the provision of lateral grooves 46 and 
k>ngltudinal grooves 48, it will be appreciated that any 

20 such gas produced by heat curable adhesive 26 and/or 
UV adhesive 68 during the heat curing cycle must flow 
toward ink feed stot 70 since TAB circuit 16 and the 
cured U V adhesive 68 define an effective seal at circuit 
platform 42. Grooves 46. 48 define an effective vent for 

25 venting gas produced during the heat curing cycle to the 
ambient environment without the formatk^n of die bond 
channels 30 in adhesive 26. 

The manufacture of Inkjet cartridge body assembly 
72 will now be described. First, a cartrkige body 40 in- 

30 eluding a circuit platform 42 and die cavity 44 of Imown 
design are formed. At least one groove 46, 48, and pref- 
erably a plurality of grooves 46. 48, are formed In circuit 
platform 42, with each groove 46, 48 being disposed in 
communk^ation with die cavity 44. In the embodiment 

35 shown in Figs. 4 to 6, circuit platform 42 includes an 
edge 50, and grooves 46, 48 are disposed In communi- 
cation with each of die cavity 44 and edge 50. A pre- 
form adhesive 64 is then applied to circuit platform 42, 
and a heat curable adhesive 26 is placed into die cavity 

40 44. TAB circuit 16 and print head assembly 14 (which 
are connected together via beams 66) are then attached 
to cartrkige body, 40 such that print head assembly 14 
is disposed within die cavity 44 and TAB circuit 16 over- 
lies grooves 46, 48. A bead of U V adhesive 66 is then 

45 applied down each skle of print head assembly 14 as 
an encapsulant to protect beams 66. A light source is 
then applied to UV adhesive 68 to cure portions of UV 
adhesive 68 coming In contact therewith. Ink jet car- 
tridge assembly 72 is then placed within an oven (not 

50 shown) to cure heat curable adhesive 26. Gas whrch is 
produced by heat curable adhesive 26 and/or U V adhe- 
sive 68 during the heat curing process is vented to the 
ambient environment using lateral grooves 46 and ton- 
gitudinal grooves 48. Such venting of gas produced dur- 

55 ing the heat curing cycle inhibits die bond channeling 
within heat curable adhesive 26. 

Fig. 7 illustrates another embodiment of an ink jet 
cartridge body 74 of the present invention. Cartridge 
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body 74 includes a circuit platform 42, die cavity 44, lat- 
eral grooves 46, and longitudinal grooves 48 similar to 
the embodiment of ink jet cartridge body shown in Figs. 
4 to 6. In addition, ink jet cartridge body 74 includes lon- 
gitudinal grooves 76 extending from each end of die cav- 
ity 44 to respective edges 78, 80. 



' Claims 

1 , An ink jet cartridge assembly, comprising: 

a cartridge body (40) including a die cavity (44), 
said body further including at least one groove 
(46,48) disposed in communication with said 
die cavity and with an ambient environment; 
a print head ( 1 4) disposed at least partially with- 
in said die cavity; and 

an adhesive (26) disposed within said die cavity 
between said body and said print head tor 
bonding said print head to said body; 
said at least one groove defining a vent to the 
ambient atmosphere for a gas which may be 
produced during curing of said adhesive. 

2. An assembly as claimed in claim 1 , further compris- 
ing an electrical circuit (16) carried by a flexible ma- 
terial, said electrical circuit being disposed adjacent 
to said at least one groove (46,48). 

3, An assembly as claimed in claim 2, wherein said 
electrical circuit (16) comprises a TAB circuit. 

4, An assembly as claimed in any preceding claim, 
wherein said adhesive (26) comprises a heat cura- 
ble adhesive. 

5. An assembly as claimed in any preceding claim, 
wherein said at least one groove comprises a plu- 
rality of grooves. 

6. An assembly as claimed in claim 5, wherein said die 
cavity (44) has a longitudinal direction, and wherein 
said plurality of grooves comprise a plurality of lat- 
eral grooves (46) and at least one longitudinal 
groove (48), 
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ing a plurality of beams (66). each said beam being 
connected to a respective one of said heater ele- 
ments (60). 

10. An assembly as claimed in claims 2 and 9, wherein 
each said beam is also connected to said electrical 
circuit (16). 

11. An assembly as claimed in claim 10, further com- 
prising a photosensitive adhesive (68) disposed at 
least partially around said beams (66) for encapsu- 
lating said beams. 

1 2. An ink jet cartridge comprising a cartridge body (40) 
including a circuit platform <42) with a die cavity <44) 
extending therefrom, said circuit platform including 
at least one edge (50), said body further including 
at least one groove (46,48) disposed in said circuit 
platform, at least one said groove being in commu- 
nication with each of said die cavity and one said 
edge. 



13. An ink jet cartridge as claimed in claim 12, wherein 
said at least one groove (46,48) comprises a plural- 
25 ity of grooves. 



14. An ink jet cartridge as claimed in claim 13, wherein 
said die cavity (44) has a longitudinal direction, and 
wherein said plurality of grooves comprise a plural- 
ity of lateral grooves (46) and at least one longitu- 
dinal groove (48). 
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7. An assembly as claimed in claim 6, wherein said at 
least one longitudinal groove comprises a plurality 

of longitudinal grooves (48) . so 

8. An assembly as claimed in any preceding claim, 
wherein said print head (14) comprises a semkx)n- 
ductor chip (58) having a plurality of heater ele- 
ments (60) thereon, and a no?zle plate (56) dis- ss 
posed over said heater elements. 

9. An assembly as claimed in claim 8, further compris- 



15. An ink jet cartridge as claimed in claim 14, wherein 
said at least one longitudinal groove (48) comprises 
a plurality of longitudinal grooves. 

16. An ink jet cartridge as claimed in claim 14, wherein 
said plurality of lateral grooves and said at least one 
longitudinal groove have dimensions W. S and L, 
said dimension W being between 0.15 and 0.75 
mm, said dimensran S being between 0.75 and 2.5 
mm, and said dimensran L being between 0.5 and 
4.0 mm, wherein W is the width of each groove, S 
is. the spacing between the lateral grooves, and L Is 
the length of the lateral grooves. 

17. Aninkjetcartridgeasclaimedinclaim 16. wherein 
said dimension W is between 0.2 and 0.3 mm, said 
dimensbn S is between 1 and 2 mm, and said di- 
mension L is between 1 .5 and 2.5 mm. 

18. A method of manufacturing an ink jet cartridge as- 
sembly, comprising the steps of: 

providing a cartridge body ^40) including a cir- 
cuit platform <42) with a die cavity ^44) extend- 
ing therefrom; and 

forming at teast one groove <46.48) in said cir- 
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cuit platform, the or each said groove being dis- 
posed In communication with said die cavity. 

19. Amethodasclaimed inclaim 18, wherein said fomn- 29. 
ing step comprises forming a plurality of said 5 
grooves (46,48) in said circuit platform. 



to the ambient atmosphere for a gas which may 
be produced during curing of said adhesive. 

An assembly as claimed in claim 28. wherein said 
adhesive (26) comprises a heat curable adhesive. 



20. A method as claimed in claim 1 8 or 1 9, wherein said 
circuit platform (42) includes an edge (50). and 
wherein said forming step comprises forming at io 
least one said groove (46.48) which is in communi- 
cation with both said die cavity (44) and said edge. 

21 . A method as claimed in claim 20. wherein each said 
groove (46.48) is disposed in communication with 
both said die cavity (44) and said edge (50). 



30. An assembly as claimed in claim 28. wherein said 
adhesive comprises a photosensitive adhesive 
(68). 



22. A method as claimed in any of claims 1 6 to 2 1 , com- 
prising the further step of introducing an adhesive 
(26) into said die cavity (44). 20 



23. A method as claimed in claim 22, comprising the 
further step of placing a print head (14) at least par- 
tially within said die cavity (44), said print head be- 
ing in contact with said adhesive (26). 25 

24. A method as claimed in claim 23, comprising the 
further step of heat curing said adhesive (26). 

25. A method as claimed in claim 24, comprising the 30 
further step of venting a gas produced during said 
curing step from said adhesive (26) into at least one 
said groove (46,48) and thence to an ambient at- 
mosphere. 

35 

26. A method as claimed in any of claim 18 to 25. com- 
prising the further steps of: 

providing an electrical circuit (16) carried by a 
flexible nr^terial; and 40 
mounting said electrical circuit to said circuit 
platform (42) adjacent to said at least one 
groove (46, 48). 



27. A method as claimed in claim 26. wherein said elec- ^5 
trical circuit (16) comprises a TAB circuit. 



28. An ink jet cartridge assembly comprising: 

a cartridge body (40) including a die cavity (44), so 
said body further including at least one groove 
(46,48) disposed in communication with said 
die cavity and with an ambient environment; 
a print head (14) disposed at least partially with- 
in said die cavity; and ss 
an adhesive (26) disposed adjacent to each of 
said print head and said body; 
wherein said at least one groove defines a vent 
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